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Abstract Infective endocarditis (IE) can be diagnosed in the
clinical microbiology laboratory by culturing explanted heart
valve material. We present a service evaluation that examines
the sensitivity and specificity of a broad-range 16S rDNA
polymerase chain reaction (PCR) assay for the detection of
the causative microbe in culture-proven and culture-negative
casesofIE.Aclinicalcase-notereviewwasperformedfor151
patients, from eight UK and Ireland hospitals, whose endo-
cardial specimens were referred to the Microbiology
Laboratory at Great Ormond Street Hospital (GOSH) for
broad-range 16S rDNA PCR over a 12-year period. PCR
detects the causative microbe in 35/47 cases of culture-
proven IE and provides an aetiological agent in 43/69 cases
of culture-negative IE. The sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV)
of the 16S rDNA PCR assay were calculated for this series of
selected samples using the clinical diagnosis of IE as the
reference standard. The values obtained are as follows: sensi-
tivity=67 %, specificity=91 %, PPV=96 % and NPV=46 %.
A wide range of organisms are detected by PCR, with
Streptococcus spp. detected most frequently and a relatively
large number of cases of Bartonella spp. and Tropheryma
whipplei IE. PCR testing of explanted heart valves is recom-
mended in addition to culture techniques to increase diagnos-
tic yield. The data describing the aetiological agents in a large
UK and Ireland series of culture-negative IE will allow future
development of the diagnostic algorithm to include real-time
PCR assays targeted at specific organisms.
Introduction
Infective endocarditis (IE) is a rare but severe disease in
Europe, and diagnosis is established using the modified
Duke criteria [1–3]. Where surgically excised endocardial
material is available, microbiological infection of the endo-
cardiumcanbedemonstratedusinghistopathologicalmethods
[4] and microbiological culture [1]. In cases where
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standard’ test for the diagnosis of IE and is used alongside
echocardiographic findings, serology and other clinical fea-
tures consistent with IE [1].
In recent times, broad-range bacterial polymerase chain
reaction (PCR) assays have been applied to resected heart
valve material, and most of the published studies show that
this technique can detect the causative organism of IE in a
greater number of cases than the traditional histopathological
andculture-basedmethods[2,5–8].Establishingtheaetiology
of IE is critical for the optimal management of patients.
Culture-based methods have been shown to lack both sensi-
tivity and specificity, either due to previous antibiotic therapy
or because of fastidious and difficult to culture pathogens,
such as Bartonella species, Tropheryma whipplei, Coxiella
burnetii, Legionella species, Mycoplasma species and the
HACEK group of organisms [1, 2, 9]. PCR-based testing of
valve material is particularly important for establishing the
aetiology of culture-negative cases of IE, but may also be
positive in cases of previously treated IE [10].
For more than 10 years, broad-range 16S rDNA PCR has
been performed as part of the routine investigation of endocar-
dial specimens in the Clinical Microbiology Laboratory at
Great Ormond Street Hospital (GOSH). We present here the
results of a clinical case-note review of 151 patients, from eight
UK and Ireland hospitals, whose endocardial specimens were
referred to the Microbiology Laboratory at GOSH for broad-
range 16S rDNA PCR over a 12-year period. This service
evaluation aimed to determine the sensitivity and specificity
ofbroad-range16SrDNAfordiagnosingIEandtoestablishthe
additional diagnostic value of performing 16S rDNA PCR on
culture-negative heart valve material in IE cases.
Methods
Patients
From January 2000 until December 2011, a total of 169
endocardial specimens from 151 patients from eight UK and
Ireland hospitals were referred to the Microbiology
Laboratory at GOSH for broad-range 16S rDNA PCR. This
assay is performed as part of the routine microbiological
investigation of selected endocardial specimens and the
PCR results were used in patient management. One
hundred and sixteen patients had a final diagnosis of
IE. The proportion of male patients was 68 % and the
mean patient age was 51 years (range 1–84). The pro-
portion of patients with native valve IE was 64 %.
Samples were from a highly selected group of patients
chosen through local diagnostic pathways and was not a
representative sample of all endocardial material sent to
the laboratories. Neither antimicrobial therapy, type or
duration, or timing of blood cultures before endocardial
tissue was obtained was recorded.
Clinical and microbiological data
For this service evaluation, the following clinical and micro-
biological data were collected from the patients’ notes:
1. Was an organism grown from either the valve or from
blood cultures?
2. Did any other laboratory tests indicate the presence of
infection (e.g. serological and histopathological
analyses)?
3. Was the clinical diagnosis IE?
Cultures
Samples were submitted to culture in local laboratories ac-
cording to local standards in Clinical Pathology Accreditation
(CPA)-accredited laboratories as part of the routine microbio-
logical investigations. The definition of a positive culture for
this study is either culture-positive endocardial tissue or blood
culture-positive with a clinically determined, significant
organism.
DNA extraction and broad-range PCR
DNA extraction and broad-range 16S rDNA PCR was per-
formed as previously described [11], with the following mod-
ifications. An additional bead-beating step was performed
during DNA extraction and the PCR reaction was carried
out using MolTaq 16S DNA polymerase and buffers (VH
Bio, Gateshead, UK).
Amplicon sequencing
Sequencing reactions and analysis were performed as previ-
ously described [11]. Mixed sequences were resolved by
cloning the amplicon using the TOPO TA Cloning Kit (Life
Technologies).
Study design
The study was registered as a Clinical Audit at GOSH on 4th
July 2012 (audit number 1105) and did not require ethical
approval. The referring laboratories also registered the study
asa clinicalaudit orcasenote-review inaccordancewithlocal
policies. This service evaluation was designed to investigate
the following:
1. Sensitivity of 16S rDNA PCR for detecting an organism
in cases of culture-proven IE.
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culture-negative endocarditis.
3. PPV, NPV, sensitivity and specificity of the PCR, using
clinical diagnosis of IE as the reference standard.
4. Description of the aetiology of IE from a large UK series
of culture-negative cases.
Results
Patients with no IE diagnosis
Thirty-five patients were not diagnosed with IE, of which 32
were PCR-negative, valve culture-negative and blood culture-
negative. The remaining three patients were PCR-positive (one
was also culture-positive). The organisms detected were
Micrococcus luteus and Propionibacterium acnes (two patients).
Sensitivity of 16S rDNA PCR for detecting organisms
in culture-positive IE
Forty-seven patients with a final diagnosis of IE were either
blood culture- or valve culture-positive (culture-proven IE).
Thirty-five of these patients were also 16S rDNA PCR-
positive. PCR and culture identified the same organism in 29
of these patients (concordant results, organisms listed in
Fig. 1) and different organisms in six (discordant results,
organisms listed in Table 1). Twelve patients with positive
cultures were 16S rDNA PCR-negative (Table 2); organisms
detectedbycultureonlyareshowninFig.2.Thesensitivityof
16S rDNA PCR in culture-proven IE is up to 75 % in this
series.
Sensitivity and specificity of 16S rDNA PCR in patients
with clinical diagnosis of IE
Table 3 shows the 16S rDNA PCR results in all 151 patients.
The sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) of the 16S rDNA PCR
were calculated using the clinical diagnosis of IE as the
reference standard. The values obtained are as follows: sensi-
tivity=67 %; specificity=91 %; PPV=96 % and NPV=46 %.
Additional value of broad-range 16S rDNA PCR
in culture-negative IE
Sixty-nine patients had a final clinical diagnosis of IE but no
significant organism was grown from blood or valve tissue
(culture-negative IE). Forty-three of these patients were pos-
itive by 16S rDNA PCR on valve tissue; therefore, the PCR
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Abiotrophia defectiva
Enterococcus faecalis
Finegoldia magna
Haemophilus parainfluenzae
Peptostreptococcus micros
Staphylococcus aureus
CNS
Streptococcus sanguinis
Streptoccoccus mutans
Streptococcus agalactiae
Streptococcus constellatus
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Streptococcus sp (mitis gp)
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Fig. 1 Organisms detected in 29
culture-proven infective
endocarditis (IE) patients with
concordant culture and
polymerase chain reaction (PCR)
results. CNS = coagulase-
negative staphylococci
Table 1 Organisms identified in
six patients with positive but dis-
cordant PCR (V) and culture (BC
or V) results
BC bloodculture, V valve culture,
CNS coagulase-negative
staphylococci
Patient 16S rDNA PCR Culture
115 Kytococcus schroeteri Micrococcus spp. (BC)
147 Streptococcus sinensis Streptococcus anginosus (BC)
71 Streptococcus bovis Streptococcus oralis, CNS (V)
74 Streptococcus gordonii Streptococcus sanguinis (BC)
76 Streptococcus mitis gp + Lactobacillus lactis Diphtheroids (V)
Pseudomonas aeruginosa (BC)
79 Streptococcus salivarius Streptococcus vestibularis (BC)
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culture-negative IE cases. The organisms identified in these
patients are shown in Fig. 3. The remaining 26 culture-
negative IE patients were also PCR-negative; however, two
of these had organisms seen on Gram stain or by histopatho-
logical stains, and one patient had positive serology for
Bartonella quintana.
Discussion
Thisserviceevaluationhasdemonstratedthat16SrDNAPCR
detects an organismin the majority (75 %) of cases of culture-
proven IE. The most frequently detected organism was
Streptococcus spp.,particularlytheStreptococcus mitis group.
Further identification of the species within this group is prob-
lematic due to the high level of similarity in 16S rDNA
sequences. Twelve culture-positive IE cases were PCR-
negative, and coagulase-negative staphylococci (CNS) were
the most frequently detected organism inthisgroup.PCR may
have failed to detect the causative organism in these cases
because resection was performed some time after the blood
cultures were taken. False-positive culture results are also a
possibility. In six cases that were positive by culture, the PCR
identification was discordant (Table 2). Five of these patients
would appear to have discrepant results because of inaccurate
identification of the organism by phenotypic methods.
However, patient 76 would appear to have truly discordant
results, but the Streptococcus spp. identified by PCR appears
to be the most likely cause of IE, and the organisms grown on
culture are more likely to be contaminants.
The sensitivity, specificity, PPVand NPVof the 16S rDNA
PCR were calculated using clinical IE as the reference stan-
dard.The sensitivity(67%)andNPV(46%)demonstrate that
PCR does not detect an organism in all clinically diagnosed
casesofIE;thiscouldbeduetotreatedIE,sampletakenlatein
infection, fungal IE or bacterial species that are not detected
by this 16S rDNA PCR. However, the high specificity (91 %)
and PPV (96 %) are likely to be biased because the clinical
diagnosis of IE in some cases may have been partially based
on the positive PCR result.
The 16S rDNA PCR assay has provided additional diag-
nostic value in 43/69 (62 %) of culture-negative IE cases. In
addition to this, we have provided data on the causative
organism in culture-negative IE cases from this series of UK
and Ireland patients. These data were not previously available
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Streptococcus  sanguinis (BC)
Bacillus sp, S. saprophyticus (BC)
Staphylococcus aureus (BC)
Cardiobacterium valvarum (BC)
Streptococcus parasanguinis (BC)
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Fig. 2 Organisms detected in 12
culture-proven IE patients with
negative PCR results. BC blood
culture, V valve culture, CNS
coagulase-negative staphylococci
Table 3 16S rDNA PCR results in patients with and without clinical
diagnosis of IE
Patients with IE Patients with no IE Total
16S rDNA PCR + 78 3 81
16S rDNA PCR − 38 32 70
Total 116 35 151
Table 2 Culture and polymerase
chain reaction (PCR) results from
47 patients with culture-proven
infective endocarditis (IE)
Culture (Vor BC)
+ (concordant)
Culture (Vor BC)
+ (discordant)
Total
16S rDNA PCR + 29 6 35
16S rDNA PCR − 01 2 1 2
Total 29 18 47
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ed organism in culture-negative IE was Streptococcus spp.,
but no single species predominated. Awide range of bacterial
species weredetectedby16SrDNAPCR,includinga number
of unusual and fastidious organisms, such as Bartonella spp.,
Coxiella spp. and HACEK organisms, which is in agreement
with recent data from other countries [2, 12, 13]. However,
whatisparticularlystrikingisthatthreepatientshadIEcaused
by Tropheryma whipplei; this is consistent with other
European studies, which have also reported relatively high
numbers of patients with this rare organism [2, 14–16]. Such
casesareunlikelytomeetmajorcriteriaforIEandwillonlybe
diagnosed by PCR, because, unlike Bartonella spp. and
Coxiella spp., serological tests are not available. A previous
study has already demonstrated that specific PCR assays for
Tropheryma whipplei, Bartonella spp. and Coxiella burnetii
are moresensitivethanbroad-range16SrDNAfordiagnosing
culture-negative IE from blood samples [2] and are particu-
larly important for diagnosing culture and serology-negative
IE when valvular material is not available. The data from our
series indicate that a specific PCR assay for Streptococcus
spp. would also be valuable.
In conclusion, all explanted heart valves sent for routine
clinical microbiology investigations should be examined by
PCR when cultures are negative, as this increases the diag-
nostic yield. The impact of positive 16S rDNA PCR results in
cases of culture-negative IE and the potential cost savings
associated with this (e.g. by rationalising antibiotics) have
not been addressed, as they are outside the scope of this
service evaluation.However, thistype ofanalysisisimportant
for understandingtherealbenefitofwhatisperceivedtobean
expensive laboratory investigation.
Conflict of interest The authors declare that they have no conflict of
interest.
Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.
References
1. Li JS, Sexton DJ, Mick N et al (2000) Proposed modifications to the
Duke criteria for the diagnosis of infective endocarditis. Clin Infect
Dis 30:633–638
2. Fournier PE, Thuny F, Richet H et al (2010) Comprehensive diag-
nostic strategy for blood culture-negative endocarditis: a prospective
study of 819 new cases. Clin Infect Dis 51:131–140
3. Gould FK, Denning DW, Elliott TSJ et al (2012) Guidelines for the
diagnosisandantibiotictreatmentofendocarditisinadults:areportof
the Working Party of the British Society for Antimicrobial
Chemotherapy. J Antimicrob Chemother 67:269–289
4. Lepidi H, Durack DT, Raoult D (2002) Diagnostic methods current
best practices and guidelines for histologic evaluation in infective
endocarditis. Infect Dis Clin North Am 16:339–361
5. Bosshard PP, Kronenberg A, Zbinden R et al (2003) Etiologic diag-
nosis of infective endocarditis by broad-range polymerase chain
reaction: a 3-year experience. Clin Infect Dis 37:167–172
6. Miyazato A, Ohkusu K, Tabata M et al (2012) Comparative molecular
and microbiological diagnosis of 19 infective endocarditis cases in
Bartonella species
Bartonella henselae
Bartonella quintana
Coxiella burnetii
Haemophilus sp.
Haemophilus parainfluenzae
Lactococcus lactis
Legionella pneumophila 
Neisseria gonorrhoeae
Prevotella denticola
Propionibacterium acnes
Staphylococcus aureus
Staphylococcus epidermidis
Streptococcus agalactiae
Streptococcus anginosus
Streptococcus bovis group
Streptococcus cristatus
Streptococcus dysgalactiae
Streptococcus equi
Streptococcus gallolyticus
Streptococcus gordonii
Streptococcus mutans
Streptococcus pneumoniae
Streptococcus sp (mitis gp)
Streptococcus sanguinis
Terrahaemophilus aromaticivorans
Tropheryma Whipplei
012345
Number of Patients
Fig. 3 Organisms identified to the species level by broad-range 16S rDNA PCR and sequencing of valve tissue from 43 culture-negative IE patients
Eur J Clin Microbiol Infect Dis (2014) 33:2061–2066 2065which causative microbes were identified by PCR-based DNA se-
quencingfrom the excised heart valve. JInfect Chemother 18:318–323
7. Boussier R, Rogez S, François B et al (2013) Two-step bacterial
broad-range polymerase chain reaction analysis of heart valve tissue
improves bacteriological diagnosis of infective endocarditis. Diagn
Microbiol Infect Dis 75:240–244
8. Vollmer T, Piper C, Horstkotte D et al (2010) 23S rDNA real-time
polymerase chain reaction of heart valves: a decisive tool in the
diagnosis of infective endocarditis. Eur Heart J 31:1105–1113
9. Houpikian P, Raoult D (2005) Blood culture-negative endocarditis in
a reference center: etiologic diagnosis of 348 cases. Medicine
(Baltimore) 84:162–173
10. Rovery C, Greub G, Lepidi H et al (2005) PCR detection of bacteria
oncardiacvalvesofpatientswithtreatedbacterialendocarditis.JClin
Microbiol 43:163–167
11. Harris KA, Hartley JC (2003) Development of broad-range 16S
rDNA PCR for use in the routine diagnostic clinical microbiology
service. J Med Microbiol 52:685–691
12. Lamas CC, Ramos RG, Lopes GQ et al (2013) Bartonella and
Coxiella infective endocarditis in Brazil: molecular evidence from
excised valves from a cardiac surgery referral center in Rio de
Janeiro, Brazil, 1998 to 2009. Int J Infect Dis 17:e65–e66
13. Chaloner GL, Harrison TG, Birtles RJ (2013) Bartonella species as a
cause of infective endocarditis in the UK. Epidemiol Infect 141:841–
846
14. FenollarF,LepidiH,RaoultD(2001)Whipple’sendocarditis:review
of the literature and comparisons with Q fever, Bartonella infection,
and blood culture-positive endocarditis. Clin Infect Dis 33:1309–
1316
15. Lagier JC, Lepidi H, Raoult D et al (2010) Systemic Tropheryma
whipplei: clinical presentation of 142 patients with infections diag-
nosed or confirmed in a reference center. Medicine (Baltimore) 89:
337–345
16. Geissdörfer W, Moos V, Moter A et al (2012) High frequency of
Tropheryma whipplei in culture-negative endocarditis. J Clin
Microbiol 50:216–222
2066 Eur J Clin Microbiol Infect Dis (2014) 33:2061–2066